Abstract: Diagnosing boiler four-tube leakage rate is of great significance for finding leakage in time in the early leak, which is conducive to arrange maintenance, shorten the time of the maintenance and reduce the loss. Based on the linear relationship between the leakage rate and fault characteristic parameters, a new method of diagnosing leakage and leakage rate is proposed in this paper. The method is verified through the simulation experiment. Validation result shows that leakage can be identified correctly by the method, even if the leakage rate is low. Leakage rate can be diagnosed correctly, and the error is very small.
Introduction
The boiler is the important equipment of thermal and power industry. Four-tube leakage is refers to pipes burst of the water wall, economizer, superheated and reheated, causing working medium leakage. Four-tube leakage has serious threat to the secure operation of the boiler. The characteristics of the leak is that when the leakage rate is low, the leak has no destruction and develops slowly, lasting a few days or weeks. When the leakage rate is higher, it turns into a destructive leak [1] . Therefore, in the four-tube leakage diagnosis, diagnosing leakage rate is of great significance for finding leakage in time in the early leak, which is conducive to arrange maintenance, shorten the time of the maintenance and reduce the loss.
At present the boiler four-tube leakage is diagnosed by the method of sound capture. This method is based on the analysis of the monitoring sound waves from furnace to judge whether the pipeline leak somewhere. However, the sound in the furnace is very complicated, which brings large difficulty to detect sound of leakage [2] .What worse, in the early leakage, leakage rate is lesser; sound wave of leakage is difficult to be found. In this paper, a method of boiler four-tube leakage diagnosis is put forward based fuzzy mathematics. This method can diagnose four-tube leakage and calculate the leakage rate by monitoring the boiler operation parameters, making up for the inadequacy of sound capture method.
Theory Basis of Diagnosing Leakage Rate
Results of thermodynamic calculation of boiler four-tube leakage [3] point out that fault characteristic parameters, such as amount of exhaust smoke, exhaust smoke temperature and exhaust smoke enthalpy, increase with linear increase of the leakage rate. The conclusion is suitable for leakage, blocking and scale formation failure of thermal system, because they are all based on the law of mass conservation and energy conservation. Many other parameters of the boiler also have the linear relationship with the leakage rate. Diagnosis method proposed in this paper uses this conclusion as a theoretical basis.
Procedure and Workflow of Diagnosing Boiler
Four-tube Leakage Rate
Selection of Fault and Fault Symptom
There are a lot of faults of four-tube leakage, to choose which fault as the research object, should be determined according to the type of boiler. At the same time, the fault of large possibility and serious harm should be listed as the research object. It should be pointed out that, the method proposed in this paper can't make accurate diagnosis to coordinates of leak location. This method only diagnoses that leakage exists in a certain area or certain equipment. When fault characteristic parameter is chosen, attention should be paid to the relativity between parameters and the leakage fault. Moreover, it is necessary to make the chosen fault characteristic parameter easily distinguish the fault from other faults.
The selected faults constitute fault set. Fault set of which fault number is m can be expressed as U = {u1, u2... ui...um}, of which ui is fault i. In the same way, the selected faults symptom parameters constitute fault symptom set. Fault symptom set of which symptom number is n can be expressed as Y = {y1, y2... yj...yn}, of which xj is fault faults symptom parameters j.
Obtaining Fault Symptoms
Function of obtaining fault symptoms should adopt a continuous linear function, so as to avoid damaging linear relationship among fault characteristic parameter, fault symptoms and leakage rate. Assume that the maximum leakage rate diagnosed is wm, and then leakage rate ranges of 0-wm. Function of obtaining fault symptoms is expressed as the follow formula. 
Where z is the symptoms value of a certain fault, y is transformed values of fault characteristic parameter, y0 is normal value of y, a and b is the threshold value of transformed characteristic parameters when the leakage is wm.
It should be pointed out that, for those symptoms parameters changing range of only increasing or reducing, formula (2) should also take unilateral value [4] . 
Establishment of Fault Knowledge Library
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Fault Identification
The fault identification adopts the principle of maximum membership. Assume that the fault to be identified is fault f, and then fault feature vector of fault f is (zf1, zf2...zfj...zfn). Membership function is as following [5] . 
Where μ (uf, ui) is the membership degree of fault f the same as fault i.
If the maximum of membership degree of all faults is μ (uf, uc), fault c is the fault to be identified. In theory, fault is able to identify accurately when leakage rate is very low, which cannot be achieved by many other membership functions.
Diagnosis of Leakage Rate
Leakage rate can be calculated according to the follow formula. Where wf is leakage rate of fault f (the fault to be identified), zcj is symptoms value of fault c, wc is leakage rate of fault c.
Workflow of Four-tube Leakage Rate Diagnosis
System of diagnosing boiler four-tube leakage rate is established based on simulation platform. The diagnosis system is installed on the simulation system or the DCS system of boiler to diagnose four-tube leakage rate or to do simulation experiments. The diagnosis system and workflow is shown in figure 1. 
Diagnosis of leakage and leakage rate
For this boiler, 5 faults of steam and water pipe leakage and 14 corresponding characteristic parameters are selected, shown in Table 2 and Table 3 Simulation experiment for the fault in Table 2 was carried out based on simulation system above-mentioned, in which the leakage rate is 10%. The fault knowledge library is established by the method proposed in this paper. The fault knowledge library is shown as followed. 
Take leakage of middle temperature superheated as example, leakage rate is 5 % and 10 %. Fault feature vectors are calculated out by fault symptoms obtaining module, as follow: The two faults are identified by formula (3) and Leakage rate is diagnosed by formula (4), diagnosis results are shown in Table 4 . 
Analysis of Diagnosis Result
According to the principle of maximum membership, Table 4 shows that two faults are both identified as fault 2, which is consistent with actual fact. This shows that leakage can be correctly identified by the method, even if the leakage rate is low, which is conducive to find leakage in time. Table 4 shows that leakage rate of two faults was diagnosed correctly, and the error is small, which is helpful to arrange maintenance and assess the loss.
Conclusions
1) Boiler four-tube leakage can be identified correctly by the method proposed in this paper. 2) When the leakage rate is low, leakage can be diagnosed correctly by the method proposed in this paper, which is conducive to find leakage in time, shorten the time of the maintenance and reduce the loss. 3) Leakage rate can be diagnosed correctly, and the error is small, which is helpful to arrange maintenance and assess the loss.
